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STYOPSIS

Puring th2 pericd of this report the technique of projecting single
rods was improved, resulting in velocities up to 3000 fzet per
seccnd, The trejectories were predictable, so that rods could be

mede to iupact on sizple %fzrgets vith the desired oriantation, and
ghe points of impact on the rod and the target could be chosen as
esirec,

A preliminary investizatica of notched rods, vwherein the notches
¥ere formed by cold swaginz, indicated that the rods broke at the
notches into cesizn lengtks,.

In the firing of rcds against simple targets, prelimirary terminal
ballistics cdata were obtaired for rods of AISI C-1020 steel, To
surmarize this infor=ation, the results were as follows:

a. 1/2% x 1/2" x 15" rcds, when fired broadside at approxi-
rately 2070 feet/second to izpact acainst the 1-1/2" face of
24§;T$ aliminm tarzets, ‘roke targets of 3-1/2" depth but not
4-1/2",

b, 1/2" = 1/2" rods of 4", 8", and 15" lengths, at apnroxi-
mately 2000 feet/sccond, broke 2" diameter round bars of 24S-~T4
aluzinum vut not 3%,

Ce 1/2" x 1/2% x 8" rods at approximately 3000 fset/second,
broke 3" diameter round tars of 24S-T4 aluminum,

d. 1/2% x 1/2" x 15" rcds impacting against the face of 3/4"
245-T4 alumimm plates gava ccmplete penetrations at velocities
above 1740 feet/second,

e, 1/2" x 1/2" x 4% rods penetrated 3/8" mild steel plate,
face on, at velccities of 2350 feet/second and higher.
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Terminal Ballistics of Rod Lile Irarmzats

PART B
INTRODUCTION

1. AUTHCRITY:

The tests reported upon were authorized and concucted under
references (&), (b), and (c). :

2, REFIRINCLESS®

a, BUORD ltr I'P9-Re3d-Ali:bc of 22 Decomber 1950

b. BUORD Conf 1ltr MP9-Re3d-!K:hm Ser 23903 of 4 Auvgust 1951
¢. BUORD Conf 1ltr !P9-Re3d-ii:be Ser 20414 of 10 Hay 1951

d. BUORD Conf 1ltr I'P9-Reld-Ali:be Ser 42653 of 29 July 19592
e. NPG Report No. 953 of 16 April 1952

3. BACKGROUID:

a. The work covered by this report is a continuation of that
reported upon in rcference ‘e) and supplies further information for
the Ya§hcad developmant program as requestad by references (z), (b),
and (c). -

b. Refercnee (e¢) oxtendecd referznce (a) by specifically
requesting tiat investigations continue for the purpose of devclop-
ing methods for projecting rods at higher reproducible velociticse.
In addition, thc terminal ballistics of rods against simnle targots
were to be determined for the range of valocitics available.

¢, With regard to these requirements, the tests perlformed aimed
at the use and the further development of the existing rod nroject-
ing methods, in order that higher velecity rods might be obtained,
and in order that terminal hallistics data might be determined as
functions of various paraneters.

4, PZERIOD OF T2ST:

This report covers the neriod from Anril 1¢51 tc Octoder 1951,

CONFIDENTIAL
SECURITY IWFOZATION 3
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Terminal Ballistics cf Recd Like I"regnents

DETAILS OF TIST

5. PRCCZDURE A'lD RESULTS:

Several apmroaches to the problem of attaining higher rod
velocities vere explored. The velocities obtained to this time
were lover than vould be expected from tae energy of detonation of
the exrlosive charges used, and it was believed that there wvas
insufficient confinement of the explosive charge.

Confinement by additional explosive was attemnted, If the
1/2" x 1-1/27 charge (Figure 1 (2)) was enlarzed to 1" x 1-1/2" the
additional explosive vould he expected to &ct as confinement of the
original charze. Explosive columns of 1" x 1-1/2" x 12" were tried,
vith twvo (2) 1/2" x 1/2" x 7" rods., Resulting velocities vere
erratic in the range eabhove 2000 feet/secornd. Using the scme explo-
sive colimn with one (1) 1/2" x 1/2" x 7" rod betveen two (2)
1/4% x 1/2% z 7" gpacer rods gave better results, with velocities
of the center rod of spproximately 2400 feet/sccond (Fizure 1 (b)),

Explosive columns 1-1/2" x 1-1/2" x 9" were used to projcct
three (3) 1/2% x 1/2% x $" rods. The first results vere scuevlhiet
erratic, and tihe results werc confuscd by hreaking and tumbling of
the two (2) outer rods. These spacer rods wore welded into place
in the gun and the performance improved, with velocity of the pro-
jected rod “eins avnroximatcly 2500 fecet/second,

The offcet of additional confinenent of the explosive colvmn by
the use of hecvy stcel blocks was investigated., Ixplosiva colvmns
1/2% x 1-1/2" x 20" were positioncd vertically, and surrounded by
thc hcavy stecl blocks. Velocitics vere not consisteont, and the
rods tumhlcd oxeessively (Figure 1 (e)). Tha same arrangement, but
with the lonsitudinal axis of tho gun in tie horizontal planc, was
tricd. This resvltcd in satisfactory rod flisht, dut with lictle
incrcass in velocity over the samo confisuration unconfined.

CONFIDSNTIAL
SECURITY IiFOR'ATION 4
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Terminal Ballistics of Rod Lilz Przsoments

The usc of a larger cxnlosive column plus ncavy stezl confining
blocks was investigated. The design shotm in Figure 1 (%) was
employed, using a 1" x 1-1/2" xx 8" explosive column, and projecting
a 1/2" x 1/2" x 8% rod.e The explosive was center initiatzd by 2
cap placed thru an opening in the back of the channel, taru the
confining blocl's. The. velocities obtained varied from 2600 to
31C0 feet/second with this configuration, and the projected rods
were curved or badly bent at the centers,

Finally it appeared desirable to enlarge the explosive column
to 1-1/2% x 1-1/2" square cross section, and to increase the lenzth
to 9" to form a 1" long booster charge for end initiation. The
two (2) 1/2" x 1/2" spacer rods were welded to the channel 1lips,
leaving a 1/2% space for the rod to be nrojected. This configura-
tion projected the rod with good flight characteristics, at veloci-
ties of approximately 2500 feet/second without heavy confinement,
and 3000 fecet/second with hzavy steel confinement. This 1as heen
the gun used in all subsequent firings at approxzimately 3000 feet/
second.

In addition to the center initiation mentioned previously, other
points of initiation were tried. One (1) such method was the placing
of four (4) caps aloag the lenzth of the exvlosive column and initi-
ating these simvltancously witihh a high-voltage pulse. An attempt to
obtain a plane initiating wave was also tried by making an ecquilat-
eral triangular array of explosive trains, initiated at one (1)
point, arranged to contact the back surface of the explosive column
at several points (Figure 1 (d)). Such innovations did not improve
upon the cxisting methods, and in some cases the rods fragmented, or
broke, and tic rod velocities were lover,

The effcct of rod length on velocity was cursorily cxamined.
The 4" and &' rods wore projected satisfactorilv by the standard
2000 fect/sceond gun (1/2" x 1-1/2" x 20" explosive column), but
the velocitics obtainad werc consistently higher than thosc obtained
vith the 15" rocds,.

A scrics of firings was conductcd to oLtain information concern-
ing tha controllcd brecak-up of rods, Thc rods were 3/3" square,
vith or without notches along onc (1) face, and 8" and 12" long.
They were projceted from & gun corresponding to the 2000 foet/sccond
standard configuration, “ut with a morc narrow opening. Thc notches
wera toward the explosive column, and in some cases the notecies
theonselves were also filled with oxplosive. Both ond and contor

CONIFIDENTIAL
SECURITY IiFORMATION 5



CONFIDENTIAL PG RIZPCRT 1i0. 1106

Termiral Pallisties of Rod Liliz Fraemants

initiation of the cxplosive column were tried. Break-up of the rods
was determined by the use of cardboard screens placed in the line of
flight, and by investigation of recovered rods. The rods broke at
the notches in each case. Veloeities of the rod sections varied
fron 2000 to 2300 feet/second, indicating that the breal-up necha-
nism had an eifect upon the velocity of projection.

A fevw rounds were fired to devermine the suitability of the
standard configuration for projecting 5/8" x 5/8" x 4" rods. The
explosive column was 1-1/2" wide and 1-3/8" deep. The 5/8% rod vas

. fitted into the channel with spacer rods on either side. Velocities

were approximately 2000 feat/second and overall performance ias
similar to the 1/2" wide, 2000 feet/second rod gune.

Most of the guns descrizaé@ were used in damage tests against
targets. Targets were of alvminvm plate, aluminum round stock, and
stecel plate. Tor these tests thz plates or bars were positioned at
a given distance from the rod gun and were acld vertically by bracing
at the lower cnd. Then the rod gun was so aligned that the rod
would strike the target with the required oricntation, TFlight and
velocity of rods were chccked as nccessary by using sercens, as
described - - reforence (e)e. Recovery of rod fragments beyond the
target was cflect2d by mcans of a stack of fiborboard sheetse.
Figurc 2 indicates scnematically the ccmporents of this sct-un. The
shield indicatcd 1is uscd when it is desired to stop the fragucnts of
the outer, or spacor, rods,.

PART D

CONCIUSIONS

6. During the period of this report the technique of projccting
singlc rods was improved, rcsulting in vclocities up to 3000 feeot
por sccond, Thc trajcctorics werc orecdictatle, so that rods could
be made tec impact on simple targoets with the dosired oricentation,
and thc points of impact on thec rod and the targot couvld bo chosen
as desirced.

A prelininary investigation of notched rods, wherein the notches
were formed by cold svaging, indicated that the rods dbroke at the
notches, into dosign longths,

CONFIDENTIAL
SECURITY I.TO:XIATION 6
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Terninal Ballistics ol 204 Lilz fruzan™-

In the Tiring of rods against simple tzrgets, preliminary
terminal ballistics data were obtalnzd Jor rods of AISI C-1020
stccl, To swmarize this informzticn, the results vere as follows:

a., 1/2% x 1/2" x 15" rods, when fired broadside at anproxzi-
matecly 2000 fcoet/second to impact against the 1-1/2" facc of
24S7T% alumimm targets broke tzrgets of 3-1/27 depth but not
4-1/2%,

b, 1/2" x 1/2" rods of 4", 8", and 15" lcngths at annrozi-
mately 20C0 fecet/sceond brolie 2" dicmcter round bars of 245-T4
clupinum but not 3",

ce 1/2" x 1/2" x 8" rods at approximataly 3000 fcat/sccond
broke 3" Aiamcter round bars of 24S-74 zlvainum,

ds 1/2" x 1/2" x 15" rods inpeceting ageinst tho face of 3/4"
245-T4 2luminum plates gave complcto penetrations at velocitices
above 1740 feet/sccond.

ce 1/2" x 1/2" x 4" rods ncnctrated 3/7°" mild steel plate,
facc on, at vclocities of 23950 ard higher,

CONFIDENTIAL
SECURITY I{FORMATION 7
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Terminal Pallistics of Rod Like Trasrents

TAELS I

ROD CUT DAMAGE CF 245-T4 ALUMNINTYY TARCZTS
ROD FLIGHT PARALLEL TO RCLLING DIRZCTICYH

Telocity Targst Red Darmaze
{£t./sec.) Dirensions Description Width & Depth
1350 3/4" plate 15" 1085 RC-40 1" x 1-1/16"
1920 it " 15" 1020 Succeeding 7/8" x 1-1/16"
rods as
recoeived
2440 " n g" L 3/4u x 1"
2330 " n g" ] 3/4" x 5/ "
3280 1 * 8" " 1" x 1-1/4"
2400 1/2" plate 4" ] 7/8" x 1-1/4"
1910 1-1/2" x 2" 15" n 3/4" x 1/4", broke
Approx.
2000 1-1/2" x 2" 15" L 3/4" x 1/4", broke
» 1-1/2" x 3" 15" n 1/2" deep, broke
2130 1-1/2" x 3" g" z 3/4" x 3/8", broke
Approx.
2100 1-1/2" x 3" 4" g 7/8" x 3/3", broke
Approx.
1950 1-1/2" x 2" 15" " 7/8" x 3/4", broke
n 1-1/2" x 2-1/2" 15" e 7/8" x 9/16", broke
B 1-1/2" x 3" 15" . 3/4" x 3/8", broke
- 1-1/2" x 4" 15" W 7/8" x 1/2"
p 1-1/2" x 4" 15" A "= /2%
N 1-1/2" x 3-1/2" 15" p 1" x 12", broke
" 1-1/2" x 3-1/2" 15" p 7/8" x 1/2", broke
" 1-173" x 3-1;5" 4" " 3/4" x 3;8"
N 1-1/2" x 3-1/2" 4" " 1" x 5/8", broke
. 1-1/2" x 3-1/2" 4" L) 3/4" x 9/16"
» 1-1/2" x 3-1/2" 4" n 3/4" x 3/8", broke
Approx.
2000 1-1/2" x 6" 4" end hit 3/4" x 3/8"
A 1-1/2" x 6" 4"  center hit 7/8" x 9/16"
u 1-1/2" x 6" 8" end hi: 7/8" x 1/2"
': 1-192?: x 6: 8: center hit /1:" x 1922:
C 1-1/2" x 6 15 3/4" x 1
" 1-1/2" x 6" 4"  cen%er hit 1" x 3/8"
n 1-1/2" x 6" 4"  end hit 3/4" x 1/4"
8 1-1/2" x 6" 8"  center hit 3/4" x 7/}6"
" 1-1/2" x 6" 8" - end hit 2/8% x /27
] 1-1/2" x 6" 15" ocenter hit 7/8" x 3/8"
o 1-1/2" x 6" 15" end hit 7/8" x 3/8"
Approx.
2950 1-1/2" x 6" g" 7/8" x 1-1/4"
ki 1-1/2" x 3" 8" 2 rods hit 2-3/4" x 1"./broke
. 1-} N g;; g: 2 rods hit ii}{é: x 1" grog
1~ x eep, bro
Approx. n " " " " n
b AR whwdn AW
CONTIDENTIAL
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Zirie a Cirve B
Tarouzn Center of Specimen Along Toc of Specizen
Dist. G ?.2 fila Xnoop Dist, H.l P.2 Filar Z¥noop
e Urits Hzraness .=, Units Hardness

0.54 853 424 K19  2%0.4
1.6 961 525 436  274.5
812 L2, 388  336.8
1.0 788 257 521 123. 3,65 868 L73 390  336.8
1.25 827 3L 523 128, 835 LL3 392  336.8
1,50 859 353 496  206.5 5.70 866 4T 392  336.8
835 375 510 196.9 7.65 89L L4T LLT  259.8
98 L, L9L  211.6
873 383 L35  215.9
902 ACO 502  201.7
899 408 L1  21l.6
333 349 L3k 216.9
872 412 453 2L6,3
892 L35 436  247.0
03 472 431 274.5 100 gram load == 4 mm objective
865 455 L10  307.7
825 LO7 A18  25C.4
827 L34 393 326.7
873 L39 404  317.0
855 L53 392  336.8
872 472 LOO  317.0
858 475 393  326.7
865 L35 400  317.0
855 L73 382  347.4
830 L2 388  336.8
862 L0 402 317.0
833 455 383  347.4
2o. L3 405 307.7
847 L:2 387  336.8

0,25 9% Lz23 339 1
0.50 873 3% X9 1
0.75 925 L15 %9 1
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7. 350 L74 376 358.5

7.75 845 X 385 374

8.00 S22 L3@ 384 347.4

8.25 357 LT5 382 3474

8.50 3.5 131 1385 3L7.4

8.75 347 LlL 433 2745
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ANALYSIS INDICATES MATERIAL IS CARBON STEEL 1010-1020
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